Abstract. The purpose of this study was to investigate the characteristics of maximal tongue and lip strength scores according to age group. Tongue and lip strength were examined in 49 Korean children, 3~8 years of age, with no speech or swallowing disorders using the Iowa Oral Performance Instrument(IOPI). The results showed that there were significant differences of age group in maximal tongue and lip strength scores. The results of this study provide a limited sample comparative database. In future, the correlation study of maximal tongue and lip strength scores and diadochokinetic rate as speech motor control ability is needed.
Introduction
Speech sound disorders can be evaluated by parameters such as PCC(percentage of correct consonants) or speech intelligibility which indicates how speech was accurately articulated or how much of speech was properly understood, respectively [1] . It is however important to note that structure, movement range, and movement speed of articulators might be also critical to diagnose and treat these disorders [2] . Due to such reasons, previous studies have assessed strength of articulators (e.g., lips and tongue) as well as diadochokinetic rate in healthy adults and children thereby providing comparable data for speech sound disordered by summarizing normal values thereof per subject's sex and age [3, 4] . Of note, assessments of maximal strengths of lips and tongue enable to investigate relevant factors of speech sound disorders. Albeit multiple studies have reported in various countries with regards to assessments of strengths of lips and tongue and characteristics in healthy subjects [5, 6, 7] , very few studies have done for Korean children. In the present therefore, maximal strength scores of lips and tongue were analyzed so that we can provide preliminary data for normal Korean children and characterize properties of each age group.
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Methods
Subjects
A total of 49 Korean children who were developing normally and living in Busan city, Korea were enrolled. Age of subjects was ranging from 3 through 8 years old. The children were enrolled in which no issue was noted on cognitive, language development and swallow functions that were screened through interviews with kindergarten and local community children's center teachers. Once enrolled, subjects were then categorized into each age group: 3~4 years old group, 5~6 years old group, 7~8 years old group respectively. Age distributions of each group are depicted in the Table 1 . 
Instrument
The maximal strength scores of lips and tongue were evaluated using the Iowa Oral Performance Instrument (model 2.2; IOPI Medical LLC, Carnation, WA, U.S.A.); upon pressing the bulb, values are displayed on the LCD panel of the main instrument, connected to a small bulb.
Procedures and Analyses
In order to measure the maximal tongue strength scores, the measurement bulb was put in the mouth and placed between the roof of the mouth and tongue; an individual was asked to press upward the bulb as much as he/she can do for 2~3 seconds [7] . The maximal strength of lips was assessed in a same posture. Since it is easy to slick from the lips, the bulb was placed in between two tongue depressors and a subject was asked to hold it using lips and then press it [8] . All assessments (i.e., lips and tongue strength assessment) were done three times and subjects had at least more than 30 seconds break after each session due to fatigability. As demonstrated in previous studies, the highest value of three independent measurements of tongue and lip strengths was selected for the analyses [9] . Measured values were then categorized by age groups were compared each other. The SPSS was utilized for the statistical analyses. Statistical significance between groups was determined by ANOVA and a p-value less than .05 was considered statistically different.
Results
Mathematical statistics of measured maximal strength scores of tongue of each age group(ranging 3 to 8 years old) were summarized in the Table 2 . In order to test difference between age groups, the ANOVA was performed; as results, there were significant statistical differences between age groups(F: 20.307, p < .001). In the follow up post-hoc analyses(LSD), it was shown that the 3~4 years old group, 5~6 years old group, and 7~8 years old group were significantly different compared to each other (Table 3) . Mathematical statistics of measured maximal strength scores of lips of each age group were summarized in the Table 4 . As results, there were significant statistical differences between age groups(F: 30.56, p < .001). In the follow up post-hoc analyses(LSD), it was shown that the 3~4 years old group, 5~6 years old group, and 7~8 years old group were significantly different compared to each other (Table 5 ). 
Discussions and Conclusions
The present study was performed in order to 1) provide data for normal Korean children, and 2) understand characteristics per their age group by assessing maximal strength scores of tongue and lips of Korean children (n=49), 3~8 years of age, utilizing the IOPI. In results, the Korean children tended to have stronger maximal strength scores of lips and tongue as they are getting old. Results herein are in good agreement with other previous reports demonstrating that these strength scores are elevated as subjects are getting old [4] . In future, not limited to measuring maximal tongue and lip strengths, yet also speech motor control ability (e.g., diadochokinetic rate of articulator) might be warranted to be further assessed and investigate their association(s).
